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THE EFFECT OF "STRESS" AND CORTISOL UPON THE
CHEMISTRY OF INFLAMMATION*
J. C. bUCK, Pn.D.
The dermal chemical response to croton oil in-
duced experimental wounds has been shown to
involve both the accumulation of glycoproteins
within the lesion and the disappearance of in-
soluble collagen from the site of injury (1). Asso-
ciated with this loss of collagen from the wound
was a smaller decrease in the concentration of
insoluble collagen from the apparently unin-
jured skin distant from the site of local injury
(2). The chemical changes appropriate to this
"distant dermal collagen response" (3) to local
croton oil injury were duplicated in the skin of
uninjured animals which had received exogenous
cortisol (4). This "distant dermal collagen re-
sponse" to local injury was also found in the skin
of animals which had been subjected to sham
adrenalectomy, daily intraperitoneal injections of
large amounts of isotonic saline and other forms
of chemical injury and trauma (5). From these
findings it was argued that the trauma of croton
oil induced injuries produced sufficient stress to
result in losses of insoluble collagen from the
uninjured skin. Since croton oil produced wounds
are stressful, at least to this extent, the degree of
stress produced by two croton oil induced in-
juries to one animal should be considerably
greater than that produced by a single injury
alone. The effect of duplicate injuries upon the
kinetics of the chemical response to experi-
mental wounds was studied and the results com-
pared with those obtained from either a single
injury alone or from singly injured animals which
had also received physiological doses of stress
hormone (cortisol). The comparisons of these
data are presented below.
MATERIALs AND METHODs
Three groups of 36 male Sprague-Dawley rats
each, weighing 250—270 gm, were used in this study.
All animals were injured once with an intradermal
injection of 0.5 ml of 50% croton oil in a bland
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carrier (peanut oil) into the abdominal skin on
the left side. One group of 36 animals received a
similar injection of irritant into the abdominal
skin on the right side of each rat as well. The
second group of 36 unilaterally injured rats re-
ceived 14 daily subcutaneous injections of 3mg/kg
body weight of cortisol (Cortril, C. Pfizer Co.).
The third group of animals were maintained as
singly injured controls.
At 0, 4, 7, 10, 15 and 23 days after injury collec-
tions of six rats each were sacrificed from all three
experimental groups. The wounded skin from each
animal was removed, cleaned of contaminating
hair, muscle and fascia and subjected to chemical
analysis as described below. A portion of each
individual wound was hydrolyzed in 10 ml/gm of
4N HC1 for 834 hours at 100°C. The remaining
wound tissues from each sacrificed collection of
rats were pooled to represent each of the three
experimental groups described above. These
tissues were extracted sequentially with 0.15 M
NaC1, 0.5 M NaC1 and 0.5 M citrate buffer (pH
3.6) as has been described elsewhere (6). These
extractions have been shown previously to quanti-
tatively remove the "ground substance", neutral
and acid soluble collagen components of the con-
nective tissue (6, 7). Portions of the fractions so
obtained were also hydrolyzed in 4N HC1 for 834
hours at 100°C. The hydrolysates were analyzed
for their hexosamine (8), hydroxyproline (9) and
nitrogen (10) contents. Aliquots of the unhy-
drolyzed extracts were subjected to fucose (11)
and sialic acid (12) determinations as well.
Subtraction of the sum of the hexosamine, hy-
droxyproline and nitrogen contents of the various
fractions from the total tissue concentrations of
these materials permitted the analysis of the in-
soluble portion of each tissue to be obtained (6).
These results were all expressed as the mean con-
centrations of each component in Mmoles per
mmole of total dermal nitrogen: thereby obviating
variations in the water and fat content of the
wounded tissue. All means which differed by more
than two standard deviations were found to be
significantly different by the "t" test (p < .05).
In no case was the standard deviation in excess
of 8% of the appropriate mean.
REsULTS
The analysis of croton oil produced wounds in
the skins of singly injured croton rats, in bi-
laterally injured or "stressed" rats and in singly
injured animals which had received daily injec-
tions of cortisol is shown in Table I.
These results indicate that while all three
groups of wounds lost more than 66% of their
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TABLE I
The analysis of croton oil produced wounds in the
skin of control, stressed and cortisol
treated rats
Days after
Injury
Control Stressed Cortisol
Hext Hypro Hext Hypro Hext Hypro
0
4
7
10
15
23
1.9
5.0*
8.1
6.3*
6.5*
2.6*
45
17*
13*
13*
14*
*
1.9
3J*
33*
42*
43*
2.2
45
22*
16*
17*
16*
30*
1.9
3J*
39*
35*4*
2.2
45
J*
18*
14*
14*
28*
* Significantly different from day 0 (p < .05).
Italicized means significantly different from
normal control (p < .05).
f Hex = hmolee hexosamine/mmole nitrogen.
Hypro moles hydroxyproline/mmole
nitrogen.
collagen content, one /Lmole of hydroxyproline
being equivalent to one mg of collagen (13), the
marked increases in wound hexosamine concen-
tration found in the control injuries were not
observabie in either the "stressed" or in the
cortisol treated lesions. The increases in wound
hexosamine concentrations with time after injury
were quantitatively similar for both the
"stressed" and the cortisol treated lesions and
were significantly less than those demonstrated
in the control wounds.
The hexosamine and nitrogen analyses of the
isotonic same extracts of wounds at various
days after injury from control, "stressed" and
cortisol treated animals is shown in Table II a.
This data indicates that most of the increased
concentrations of total hexosamine above normal
(day 0) were solubie in this fraction. Similarly,
most of the non-collagenous nitrogen (since these
fractions contained relatively little hydroxy-
proline) in these wounds was also soluble in
isotonic saline. Further, as has been discussed
before (13, 1) the increased amounts of hexos-
amine and non-collagenous nitrogen found in
this fraction essentially paralleled each other
with time after injury. Quantitatively, these
increases were similar for both "stressed" and
cortisol treated wounds and were significantly
less than those demonstrated in the control
wounds.
The analysis of the isotonic saline fraction ob-
tained from all three types of injury for sialic
acid and fucose is shown in Table II b at various
days after injury. These results indicate that
while there was no major increase in the sialic
acid content of this fraction with injury, neither
the "stressed" nor the cortisol treated wounds
demonstrated as marked an increase in fucose as
did the control injury. Again, both the "stressed"
TABLE ha
The analysis of the isotonic saline extract of wounds
from control, stressed and cortisol
treated rats
Days
after
Control Stressed Cortisol
Hext NHext N Hext N
0
4
7
10
15
23
1.0
2.1*
4.0*
5.1*
6.0*
1.1
0.17
0.44*
0.60*
0.68*
0.71*
0.22
1.0
1.7*
p.8*
33*
p.4*
0.8
0.17
0.19
030*
O.4&
035*
0.20
1.0
1.0
1.1
1.7*
1.0
0.17
0.13
0.17
OJfd
0.30*
0.20
* Significantly different from day 0 (p < .05).
Italicized means significantly different from
normal control (p < .05).
f Hex = moles of saline soluble hexosamine/
mmole of total nitrogen.
N minoles of saline soluble nitrogen/
mmole of total nitrogen.
TABLE hIb
The analysis of the isotonic saline extract of wound8
from control, stres8ed and cortisol
treated rats
Days after
Jiijury
Control Stressed Cortisol
Ft Sial Ft Sial Ft Sial
0
4
7
10
15
23
0.66
2.40*
3.60*
380*
4.50*
0.66
0.04
0.08*
0.04
0.04
0.04
0.10*
0.66
1.10*
1.0*
2.10*
2.40*
0.75
0.04
0.09*
0.04
0.04
0.04
0.12*
0.66
1.PO*
1.6*
1.80*
1.95*
0.09*
0.04
0.07*
0.04
0.04
0.04
0.09*
* Significantly different from day 0 (p < .05).
Italicized means 8ignificantly different from
normal control (p < .05).
f F moles of saline soluble fucose/mmole of
total nitrogen.
Sial = moles of saline soluble sialic acid/
mmole of total nitrogen.
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and the cortisol treated wounds were quantita-
tively similar with respect to their content of
isotonic saline soluble fucose.
The collagen (hydroxyproline) contents of
both the neutral soluble and acid soluble frac-
tions obtained from all three types of wounds
are shown in Table III. These results indicate
that all three types of experimental wounds
demonstrated a quantitatively similar loss of
neutral soluble collagen with injury. Further,
all three types of wounds showed a similar in-
crease in the concentration of acid soluble col-
lagen with the initiation of wound healing by
the 23rd day after injury.
The concentrations of insoluble collagen
(hydroxyproline) in wounds from the controls,
TABLE III
Hydroxyproline content of the 0.5M NaCl and 0.5M
citrate biiffer extracts of wounds from control,
stressed and cortisol treated rats
(,pmoles/mmole total nitrogen)
Days after
Injury
Control Stressed Cortisol
NaCI Citrate NaCI Citrate NaCI Citrate
0 4.0 1.6 4.0 1.6 4.0 1.6
4 1.0* 1.6 1.2* 1.7 1.0* 1.5
7 1.0* 1.4 1.1* 1.4 Q9* 1.5
10 1.0* 1.3 1.0* 1.5 Q9* 1.7
15 1.9* 2.0 2.0* 1.9 2.1* 2.0
23 1.1* 6.0* 1.3* 54* 1.0* 6.3*
* Significantly different from day 0 (p < .05).
Italicized means significantly different from
normal control (p < .05).
TABLE IV
The insoluble hydroxyproline content of woijnds
from control, stressed and cortisol treated rats in
pmoles per mmole of total nitrogen
Days after Injury Control Stressed Cortisol
0 39 39 39
4 14* 18* 16*
7 9.6* 12* 14*
10 93* 13* 11*
15 9Q* 11* 9Q*
23 20* 22* 20*
* Significantly different from day 0 (p < .05).
Italicized means significantly different from
normal control (p < .05).
TABLE V
The insoluble hexosamine and nitrogen content of
woiinds from control, stressed and
cortisol treated rats
Days
after
Control Stressed
—
Cortisol
In)ury Ilext N Ilext N Ilext N
0 0.6 0.56 0.6 0.56 0.6 0.56
4 0.0* 0.31* 1.0* 0.75* 1.1* 0.72*
7 0.0w 0.28* 0.8* 0.65* 2.1* 0.69*
10 0.2* 0.28* 0.7 0.50 0.8 0.71*
15 0.2* 0.20* 0.9* 0.48 1.1* 0.56
23 0.6 0.59 0.7 0.54 0.8 0.58
* Significantly different from day 0 (p < .05).
Italicized means significantly different from
normal control (p < .05).
t Hex = pmoles insoluble hexosamine/mmole
total nitrogen.
t N mmoles insoluble nitrogen/mmole total
nitrogen.
"stressed" and cortisol treated animals are shown
in Table IV. These results indicate that all three
types of wounds demonstrated a quantitatively
similar decrease (75%) in the concentration of
insoluble collagen with time after injury, and
with initiation of healing all three lesions also
contained a similar amount of insoluble collagen.
The concentration of insoluble hexosamine and
nitrogen in control, "stressed" and cortisol
treated wounds at various days after injury is
shown in Table V. These results indicate that
with a single injury in the control animal, the
amount of insoluble nitrogen remaining in the
wound was about twice that appropriate to the
amount of collagen remaining in the wound,
one mg of collagen containing 13.3 moles of
nitrogen (1, 13). The insoluble hexosamine and
nitrogen concentrations of wounds obtained
from either th "stressed" or the cortisol treated
animals were quantitatively similar and both
were considerably greater than those found in the
single croton oil injury controls.
DIsCUssION AND CONCLUsIONS
It should be obvious from the preceding data
that in every respect the effects of either "stress"
or cortisol upon the kinetics of the chemistry of
experimental wounds were quantitatively similar.
Further, the effects of both physiological and
pharmacological forms of "stress" upon the
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chemistry of inflammation were confined to the
changes in the wound concentrations of both
hexosamine and nitrogen with injury. "Stress"
apparently had no significant effect upon the
changes in the concentration of collagen in the
wound with time after injury.
Apparently the primary effect of "stress"
upon the chemistry of experimental wounds was
to inhibit the usual increases in the concentra-
tion of wound glycoproteins, as judged from a
comparison of the increased concentrations of
isotonic saline soluble hexosamine and nitrogen
found in "stressed" wounds with those concen-
trations found in the control wounds (1). These
glycoproteins were probably not derived from
the serum, since increased amounts of serum
glucoprotein deposited in the lesion during the
fluid shifts associated with wound edema woWd
result in increased amounts of sialic acid in the
wound, as has been described previously (1, 7).
These glycoproteins found in croton oil-produced
wounds contained large amounts of fucose and
little significantly increased amounts of sialic
acid, suggesting that either a remarkable loss
of sialic acid from the serum glycoproteins took
place within the wound, perhaps by means of a
wound neuraminidase, or that the wound glyco-
proteins were derived from the necrotic tissue
itself (1, 7). Results which will be reported else-
where concerning the ratios of fucose to sialic
acid in wound and serum glycoproteins and their
differing immunological characteristics support
this latter hypothesis.
If the increased concentration of glycoproteins
within the wound derived from serum contamina-
tion, it is difficult to understand why this in-
crease would have been inhibited by "stress",
since physiologic doses (4) of cortisol should not
effect a decreased peripheral blood flow in the
rat. Further, traumatic injury and "stress" have
been demonstrated to increase the concentration
of glycoproteins in the serum (14) and presum-
ably this would result in an increased amount
of glycoprotein in the wound if these glycopro-
teins derived from the serum. Finally, wounds
treated with atropine, which produces an increase
in peripheral blood flow in the rat, demonstrated
a reduced rather than an increased concentration
of glycoprotein in the wound (15) similar to the
data obtained from "stressed" animals as has
been described above. The sum of these data
suggest that, like atropine (15), cortisol or
"stress" inhibited the synthesis of wound glyco-
proteins.
SUMMARY
Both moderate trauma and cortisol adminis-
tration have been shown to exert essentially
identical effects upon the chemistry of inflamma-
tion. These forms of "stress" were without effect
upon the usual losses of collagen in croton-oil
produced wounds. However, "stress" did inhibit
the accumulation of fucose-rich, sialic acid-poor
glycoproteins within the wound. "Stressed"
wounds also demonstrated a significantly greater
accumulation of insoluble nitrogen and hexos-
amine than did the control wounds.
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